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??????????????????????????????????????
????????????????????????????????
???????????????? 2?????????????? 3?????
??????????????? 4?????????????? 5???????
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?2? ????
2.1 ??
?????????????????????????????????????
??????????????????????????????????????
??????????????????????????????????????
??????????????????????????????????????
??????????????????????????????????
2.2 ?????
2.2.1 ?????????????
??? [1]?????????????????????????????????
???????????????????????????????????????
??????????????????????????????????? n-gram
???? n-gram??????????
??? n-gram????????????????????n-gram???????
????? 2.1???? n-gram???????
は が が
今日は晴れたが，風が強い
パターン(2-gram) 出現数
は，が 1
が，が 1
? 2.1: ??? n-gram ([1] ? 1??????)
??? n-gram????????????????????? n-gram??????
??????? 2.2???? n-gram???????
3
今日
今日は本を読む
パターン(2-gram) 出現数
名詞，助詞 2
助詞，名詞 1
助詞，動詞 1
は 本 を 読む
名詞 助詞 名詞 助詞 動詞
? 2.2: ??? n-gram ([1] ? 2??????)
??????????? (2.1) ?????????????????????
corr(i, j) =
∑
u∈U (Ru,i −Ri)(Ru,j −Rj)√∑
u∈U (Ru,i −Ri)2
√∑
u∈U (Ru,j −Rj)2
(2.1)
????i, j??????? (???) ????U ???????????????
???Ru,i??????? u??????? i??????????Ri??????
? i????????????????????
???????? n-gram? n? 1?? 3?????? n-gram? n? 1?? 5??
?????????????? n-gram????? n??????????????
???????????????????n??????????????????
??????????????????????????
2.2.2 ???????????????
??? [4]????????????????????????????????
?????? n-gram????????????????? n-gram????????
???????????????????????????????????????????
??????????????????????????n-gram?????????
??????????? n-gram???????????????????????
?????????????????????n-gram? n? 1?? 3???????
???????????
2.2.3 ?????????????????????
?? [5]?????????????????????????????????
??????? n-gram???????????????????????????
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?1???????????????????????????????????
?????????????????????????????????????
??????????????????????????????????????
????
• ????A: ? 1????????????
• ???? B: ????A???????????????????????
• ???? C: ? 2????????????
• ????D: ???? C????????????????????
????? 1????????????????????? 2?????????
???????????????????????????? 1??????????
??????? 2??????????????????????????????
??????????????????? 2.1????
? 2.1: ????????
?? ????A ???? B ???? C ????D
??? ????? ???"?" ?????? ???"?"
???? ????? ???"?" ?????? ???"?"
??? ????? ???"?" ???????? ?????"?"
??? ????? ???"?" ????? ???"?"
???????? 3??????????????
• ?????
• ??????
• ??????
???????????????B???????????????????C?
???????????
2.3 ???????
?????????????????????????????????????
? 2.2????????????????????????????????????
????????????????????
1????????
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? 2.2: ???????
?? ???? ???
??? [1] ??? ?????? n-gram
??? [4] ??????? ????????? n-gram
?? [5] ????? ? 2.1????? B
?? [5] ?????? ? 2.1????? C
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?3? n-gram????????????
??
3.1 ??
?????????????????????????????????????
?????
• ??????????????
• ???????????????????????????
• 1?????????????????
• ?????? 1?????????????????
• ???????????????
?????????????????????????????????????
????????????????????
1. ???????????(3.2??????????????????????
????????????????????????????????)
2. ???????? x-means[6]???????????????
3. ???????? Silhouette?? [7]??????
4. Silhouette???????????????????????????????
????????1?
5. ??????? (????????????????????) ???????
???????????????????????????????????
?????? (?????????????) ????????????
6. ????????????????????? x-means??????????
??????????????????????????????????
????Silhouette????????????????????????????
??????????????????????????????????????
????????????????????????????????????? xi
13.3??????????
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??????????????????????????????? ai (???) ?
??xi???????????????????????????? bi (???) ?
????Silhouette?? si? (3.1) ???????????Silhouette???????
???????????????????????????????????????
si =
bi − ai
max (bi, ai)
(3.1)
???x-means?? k-means[8]???????????k-means????????
???????????????????????
3.2 n-gram????????????
?????????????????????????????????????
?????????????????????? 2???????????????
????? [1]???????? n-gram??????????????MeCab[9]??
??mecab-ipadic-NEologd[10]?????
??? n-gram??????????????????? n-gram????????
???? 3.1? n = 2?????????????????????CaboCha[11]?
????????????mecab-ipadic-NEologd?????
私は彼から受け取った本を彼女に渡す。
私は 彼から 受け取った 本を 彼女に 渡す。
名詞,助詞 名詞,助詞 動詞,助動詞 名詞,助詞 名詞,助詞 動詞,記号
文節に切り分ける
n=2でn-gramを計算する
? 3.1: ?? n-gram???? (n=2??)
?????????????????????? 3.2?????????????
??????????????????????????????????????
??????????????????????????????????????
??????????????????????????????????????
??????????????????????????????????????
?????????????????? 3.2?????????????? 30???
???? 1???????
?????????????????????????????????????
????????????????????????????ve? n-gram????
?????????????????? e???? (????????? 3.3???
?????) ?α?????????????????? n-gram? n???????
?????
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• ve
• αnve
• log(αnve)
• log(αn)ve
??????n??? 1?? 3???????????????
例)	サイズ30	単語,	ストライド1
(19単語).	(23単語).	(16単語).	(21単語).	𝑊"
(19単語).	(23単語).	(16単語).	(21単語).	𝑊#
ストライド (	=	1)
? 3.2: ???????
私は彼から受け取った本を彼女に渡す。
n-gramによる分割にて得られた形態素の集合 出現数
名詞，助詞 4
助詞，名詞 2
助詞，動詞 2
… …
名詞,助詞,名詞,助詞,動詞,助動詞,名詞,助詞,名詞,助詞,動詞,記号
形態素に分解
? 3.3: n-gram??????????????????
3.3 ?????????
??????????????????????????????????1??
????????????????????????? 3.4???????????
W2?????? a?????????????? b??????????????
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??????????????????????????????????????
??????????????
センテンス1.	センテンス2.	センテンス3.	センテンス4.	センテンス5.	𝑊" 𝑊# 𝑊$
執筆者aが作成した部分 執筆者bが作成した部分
𝑊'
? 3.4: ??????????????
??????????????????????????????????????
??????????????? 3.4???W2? 1??????W1???? a?1?
?????W3???? b??????????????????????Silhouette
??????????????????????????????????????
??????
???????????? 3.4?W0??W3????????????????
??????????????????????
???????????????? Silhouette????????????????
???????????? (???) ????????????? (???) ?????
Silhouette?????????Silhouette???????????????????
??????????????????????????????????????
??????????????????????????????????????
??????3.4?????W2??????????????
10
?4? ?????
4.1 ??
?????????????????????????????????????
?????????????????????????4.2????????????
4.3???????4.4????????????
4.2 ??????
??????????????????????????????????????
???????????????????????????? (?????????
???????) ??????????????????????????????
???????????????????? 20??????????
?????????????????????????????????????
???????????????????????1??????????????
???????????????????
4.3 ????
??????????????????? 4.1????????????????
???????????????????????????????????????
??????????????????????????????????????
??????????????????????????????????????
??????????????????????????????????????
??????????????????????????????????????
???????????????????????????????????????
• ????????????????
• ???????? 1?????
• ?????????????
??????????????4.2?????????? 10??????10???
???????????????????
????????????????????????3.2???????????
??????????????????????????????????????
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(1)異なる執筆者の文章をベクトル化
(2)クラスタリング
(3)	クラスタリングの
精度計算
? 4.1: ???????
????????????????? 4.2???????????????????
????????????? (???) ????????????????????
????? 4.2?????????? 20??????????????? 1????
??????? 4.2? v0?? v2??? 3???????????????????
??????????????????????????????????????
?????????1????????? 1??????????????????
??????????????????????????????????????
3.2???????????????? α? 3?????????
(20単語).	(23単語).	(16単語).	(21単語).	𝑣"
例)	サイズ 20単語
𝑣# 𝑣$
? 4.2: ?????????????
?????????????????????????????????????
??????????????????????????????????????
??????????????????????????????????????
????????? 4.3???????????????????????????
??????????????????????????????????????
????????????? 4.3???2? 0?0? 1?1? 2??????????
??????????????????????????????????????
?????????
4.3.1 ?????
??????????????????????10??????????????
? k??? (10Ck??) ???????????????????????????
????????????????????? 100?? 300???????????
??????? 4.4??? 4.9?? 4.1??? 4.6????? 4.4?4.6??? 4.1?4.3
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𝒗𝟎 𝒗𝟏 𝒗𝟐 𝒗𝟑 𝒗𝟒 𝒗𝟓 𝒗𝟔 𝒗𝟕 𝒗𝟖
正解のラベル 0 0 0 1 1 1 2 2 2
クラスタリングの結果のラベル 2 2 2 0 0 0 1 1 1
𝒗𝟎 𝒗𝟏 𝒗𝟐 𝒗𝟑 𝒗𝟒 𝒗𝟓 𝒗𝟔 𝒗𝟕 𝒗𝟖
付け替え後のラベル 0 0 0 1 1 1 2 2 2
??? ????? ????? ?
? 4.3: ??????????
?????? n-gram?????? 4.7?4.9??? 4.4?4.6???? n-gram????
??????????????????????????????????????
?? n-gram? log(3n)ve??????????????????????? n-gram
????? log(3nve)?????????
? 4.4: ????? n-gram????????? 100???????????
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? 4.5: ????? n-gram????????? 200???????????
? 4.6: ????? n-gram????????? 300???????????
? 4.7: ??? n-gram????????? 100???????????
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? 4.8: ??? n-gram????????? 200???????????
? 4.9: ??? n-gram????????? 300???????????
? 4.1: ????? n-gram (????????: 100)
????? k ?? (ve) ?? (3nve) ?? (log(3nve)) ?? (log(3n)ve)
2 0.7731 0.7894 0.7623 0.8448
3 0.6162 0.6663 0.6424 0.7173
4 0.5691 0.6023 0.5884 0.6479
5 0.5419 0.5379 0.5444 0.6096
6 0.5214 0.5313 0.5168 0.5935
7 0.5090 0.5122 0.5078 0.5793
8 0.4810 0.4796 0.4795 0.5500
9 0.4995 0.5151 0.4856 0.5408
10 0.5000 0.5263 0.4736 0.5263
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? 4.2: ????? n-gram (????????: 200)
????? k ?? (ve) ?? (3nve) ?? (log(3nve)) ?? (log(3n)ve)
2 0.9164 0.9317 0.9047 0.9925
3 0.7900 0.8142 0.8389 0.9002
4 0.7082 0.7429 0.7891 0.8317
5 0.6543 0.6959 0.7380 0.7836
6 0.6189 0.6668 0.7047 0.7654
7 0.5950 0.6461 0.6941 0.7498
8 0.5823 0.6427 0.6800 0.7343
9 0.5797 0.6512 0.6904 0.7088
10 0.6000 0.6500 0.6500 0.8500
? 4.3: ????? n-gram (????????: 300)
????? k ?? (ve) ?? (3nve) ?? (log(3nve)) ?? (log(3n)ve)
2 1.0000 1.0000 0.9688 1.0000
3 0.9208 0.9041 0.9236 0.9777
4 0.8455 0.8367 0.8768 0.9455
5 0.7891 0.7956 0.8412 0.9146
6 0.7359 0.7597 0.8259 0.8899
7 0.6600 0.7283 0.7783 0.8716
8 0.5959 0.7050 0.7494 0.8585
9 0.5500 0.7000 0.7000 0.8500
10 0.5384 0.6923 0.6923 0.8461
? 4.4: ??? n-gram (????????: 100)
????? k ?? (ve) ?? (3nve) ?? (log(3nve)) ?? (log(3n)ve)
2 0.6666 0.6398 0.6936 0.7127
3 0.5567 0.5009 0.5826 0.5752
4 0.4925 0.4274 0.5265 0.5071
5 0.4305 0.3708 0.4873 0.4301
6 0.3985 0.3295 0.4755 0.4259
7 0.3724 0.3003 0.4543 0.3854
8 0.3361 0.2664 0.4407 0.3665
9 0.3368 0.2652 0.4373 0.3601
10 0.3684 0.2631 0.4210 0.3421
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? 4.5: ??? n-gram (????????: 200)
????? k ?? (ve) ?? (3nve) ?? (log(3nve)) ?? (log(3n)ve)
2 0.8533 0.8033 0.8787 0.8514
3 0.7344 0.6303 0.7924 0.6768
4 0.6118 0.5161 0.7511 0.5601
5 0.5259 0.4570 0.7136 0.5135
6 0.4934 0.4197 0.6969 0.4933
7 0.4430 0.3796 0.6763 0.4674
8 0.3947 0.3457 0.6640 0.4376
9 0.3609 0.3015 0.6468 0.4005
10 0.3500 0.2500 0.5500 0.3500
? 4.6: ??? n-gram (????????: 300)
????? k ?? (ve) ?? (3nve) ?? (log(3nve)) ?? (log(3n)ve)
2 0.9288 0.9288 0.9644 0.9200
3 0.8680 0.8222 0.9388 0.8194
4 0.7829 0.7333 0.8993 0.7278
5 0.7098 0.6830 0.8799 0.6830
6 0.6629 0.6507 0.8677 0.6513
7 0.6050 0.6166 0.8566 0.6025
8 0.5696 0.5797 0.8545 0.5737
9 0.5500 0.5500 0.8500 0.5500
10 0.5384 0.5384 0.8461 0.6153
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4.3.2 ????????
?????????? α??????????????????????????
? 4.4??? 4.9?? 4.1??? 4.6???????????? n-gram? log(αn)ve?
??? n-gram? log(αnve)? α? 1?? 4??????????????????
4.10??? 4.15?? 4.7??? 4.12??????????? α??????????
???????
? 4.10: ????? n-gram????? log(αn)ve????????? 100?????
??????
? 4.11: ????? n-gram????? log(αn)ve????????? 200?????
??????
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? 4.12: ????? n-gram????? log(αn)ve????????? 300?????
??????
? 4.13: ??? n-gram????? log(αnve)????????? 100???????
????
? 4.14: ??? n-gram????? log(αnve)????????? 200???????
????
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? 4.15: ??? n-gram????? log(αnve)????????? 300???????
????
? 4.7: ????? n-gram (????: log(αn)ve?????????: 100)
????? k ?? (α = 1) ?? (α = 2) ?? (α = 3) ?? (α = 4)
2 0.8282 0.8354 0.8448 0.8361
3 0.7006 0.7130 0.7173 0.7079
4 0.6444 0.6445 0.6479 0.6392
5 0.6076 0.6150 0.6096 0.6113
6 0.5828 0.5875 0.5935 0.5862
7 0.5680 0.5778 0.5793 0.5783
8 0.5341 0.5744 0.5500 0.5581
9 0.5424 0.5361 0.5408 0.5338
10 0.6052 0.5526 0.5263 0.5263
? 4.8: ????? n-gram (????: log(αn)ve?????????: 200)
????? k ?? (α = 1) ?? (α = 2) ?? (α = 3) ?? (α = 4)
2 0.9925 0.9851 0.9925 0.9925
3 0.8936 0.8948 0.9002 0.8945
4 0.8309 0.8311 0.8317 0.8128
5 0.7845 0.7844 0.7836 0.7651
6 0.7667 0.7647 0.7654 0.7494
7 0.7547 0.7570 0.7498 0.7385
8 0.7506 0.7369 0.7343 0.7176
9 0.7205 0.7149 0.7088 0.7307
10 0.7000 0.7000 0.8500 0.7000
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? 4.9: ????? n-gram (????: log(αn)ve?????????: 300)
????? k ?? (α = 1) ?? (α = 2) ?? (α = 3) ?? (α = 4)
2 1.0000 1.0000 1.0000 1.0000
3 0.9666 0.9722 0.9777 0.9861
4 0.9251 0.9387 0.9455 0.9619
5 0.8928 0.9107 0.9146 0.9335
6 0.8708 0.8888 0.8899 0.9058
7 0.8600 0.8716 0.8716 0.8816
8 0.8545 0.8585 0.8585 0.8626
9 0.8500 0.8500 0.8500 0.8500
10 0.8461 0.8461 0.8461 0.8461
? 4.10: ??? n-gram (????: log(αnve)?????????: 100)
????? k ?? (α = 1) ?? (α = 2) ?? (α = 3) ?? (α = 4)
2 0.6936 0.6936 0.6936 0.6936
3 0.5846 0.5845 0.5826 0.5863
4 0.5302 0.5284 0.5265 0.5274
5 0.4846 0.4842 0.4873 0.4852
6 0.4745 0.4751 0.4755 0.4710
7 0.4549 0.4554 0.4543 0.4491
8 0.4344 0.4379 0.4407 0.4388
9 0.4457 0.4342 0.4373 0.4576
10 0.3947 0.3947 0.4210 0.4210
? 4.11: ??? n-gram (????: log(αnve)?????????: 200)
????? k ?? (α = 1) ?? (α = 2) ?? (α = 3) ?? (α = 4)
2 0.8712 0.8787 0.8787 0.8787
3 0.7856 0.7915 0.7924 0.7943
4 0.7451 0.7504 0.7511 0.7511
5 0.7102 0.7119 0.7136 0.7143
6 0.6913 0.6926 0.6969 0.6951
7 0.6760 0.6777 0.6763 0.6764
8 0.6496 0.6508 0.6640 0.6602
9 0.6468 0.6524 0.6468 0.6397
10 0.5500 0.5500 0.5500 0.5500
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? 4.12: ??? n-gram (????: log(αnve)?????????: 300)
????? k ?? (α = 1) ?? (α = 2) ?? (α = 3) ?? (α = 4)
2 0.9644 0.9644 0.9644 0.9644
3 0.9388 0.9388 0.9388 0.9388
4 0.8993 0.8993 0.8993 0.8993
5 0.8799 0.8799 0.8799 0.8799
6 0.8719 0.8719 0.8677 0.8677
7 0.8566 0.8566 0.8566 0.8566
8 0.8545 0.8545 0.8545 0.8545
9 0.8500 0.8500 0.8500 0.8500
10 0.8461 0.8461 0.8461 0.8461
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4.3.3 ????????
??????????? α = 3????????? n-gram???? n-gram??
??????????????????????????????????????
? n-gram? log(αn)ve???? n-gram? log(αnve)????????? 4.16???
4.18?? 4.13??? 4.15?????????????? n-gram?????????
??????????????
? 4.16: ???????????? n-gram????????? 100????????
???
? 4.17: ???????????? n-gram????????? 200????????
???
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? 4.18: ???????????? n-gram????????? 300????????
???
? 4.13: ???????????? n-gram (????????: 100)
????? k ?? (???? + ??) ?? (????) ?? (??)
2 0.6936 0.8448 0.6936
3 0.5816 0.7173 0.5826
4 0.5265 0.6479 0.5265
5 0.4871 0.6096 0.4873
6 0.4758 0.5935 0.4755
7 0.4532 0.5793 0.4543
8 0.4407 0.5500 0.4407
9 0.4285 0.5408 0.4373
10 0.4210 0.5263 0.4210
? 4.14: ???????????? n-gram (????????: 200)
????? k ?? (???? + ??) ?? (????) ?? (??)
2 0.8787 0.9925 0.8787
3 0.7924 0.9002 0.7924
4 0.7511 0.8317 0.7511
5 0.7136 0.7836 0.7136
6 0.6969 0.7654 0.6969
7 0.6763 0.7498 0.6763
8 0.6640 0.7343 0.6640
9 0.6468 0.7088 0.6468
10 0.5500 0.8500 0.5500
24
? 4.15: ???????????? n-gram (????????: 300)
????? k ?? (???? + ??) ?? (????) ?? (??)
2 0.9644 1.0000 0.9644
3 0.9388 0.9777 0.9388
4 0.8993 0.9455 0.8993
5 0.8799 0.9146 0.8799
6 0.8677 0.8899 0.8677
7 0.8566 0.8716 0.8566
8 0.8545 0.8585 0.8545
9 0.8500 0.8500 0.8500
10 0.8461 0.8461 0.8461
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4.4 ???
?????????????????????????????????????
???????????????????????????????
??? 2??? 5?????????????????????????????
????????????? ??????????????? 10????????
????????????????????????????????????1?
????????????????? 1????????????????????
??????????????????????????????????????
???????????????? 4.16????
? 4.16: ?????????????????
??? ID ??? ??????
0 973 30
1 669 27
2 937 35
3 639 19
4 778 31
5 632 26
6 1141 40
7 367 12
8 501 18
9 469 17
?????????????????????????????????????
???
• ???????? (???)
• ????? (??????)
• Silhouette?????
????????????????????????? 50???Silhouette???
0.2???????????????????????????1?? 3???????
??????????????????????????????????????
???????????????????? (? 4.2???????) ???????
???????????????????
????????? 4.3?????????????? n-gram????????
?? log(3n)ve?????
?????????? 4.19?4.22??????????????????????
? 2??? 5????????????????????????????????
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?????????? 4.17?4.20?????????????????? 4.21???
??????????????????????Mean Absolute Error????Mean
Absolute Error (MAE) ?? (4.1) ????????ti???????????mi?
???????????n??????????
MAE =
1
n
n∑
i=0
|ti −mi| (4.1)
???????????????????2???????????????????
? 4.19: ????????? 2????????????????
? 4.20: ????????? 3????????????????
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? 4.21: ????????? 4????????????????
? 4.22: ????????? 5????????????????
? 4.17: ??????????????????? (?????????: 2)
????? k ?????: ?? ?????: 1 ?????: 2 ?????: 3
2 40 43 38 36
3 5 2 7 9
4 0 0 0 0
5 0 0 0 0
6 0 0 0 0
7 0 0 0 0
8 0 0 0 0
9 0 0 0 0
10 0 0 0 0
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? 4.18: ??????????????????? (?????????: 3)
????? k ?????: ?? ?????: 1 ?????: 2 ?????: 3
2 113 115 105 98
3 7 2 11 22
4 0 2 3 0
5 0 1 1 0
6 0 0 0 0
7 0 0 0 0
8 0 0 0 0
9 0 0 0 0
10 0 0 0 0
? 4.19: ??????????????????? (?????????: 4)
????? k ?????: ?? ?????: 1 ?????: 2 ?????: 3
2 191 209 202 175
3 19 0 7 34
4 0 1 0 1
5 0 0 1 0
6 0 0 0 0
7 0 0 0 0
8 0 0 0 0
9 0 0 0 0
10 0 0 0 0
29
? 4.20: ??????????????????? (?????????: 5)
????? k ?????: ?? ?????: 1 ?????: 2 ?????: 3
2 240 251 240 226
3 12 0 12 26
4 0 1 0 0
5 0 0 0 0
6 0 0 0 0
7 0 0 0 0
8 0 0 0 0
9 0 0 0 0
10 0 0 0 0
? 4.21: ??????????
????? (??????) Mean Absolute Error
1 2.062
2 2.030
3 1.947
?? 2.014
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?5? ????
??????1??????????????????????????????
??????????????????????????????????????
????? n-gram?????????????????????????????
??????????????????????????????
?????????????????????????????????????
??????????????? n-gram??????? log(αn)ve???????
????????????????
?????????????????????????????? (??????
??????????) ???????????????????????????
??????????????????????????????????????
?????????????Mean Absolute Error???? 1.947?????
?????????????????????????????????????
??????????????????????????????????????
????????????????
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??
????????????? 17KT0085???????????????????
??????????????????????????????????????
??????????????????????????????????????
??????????????????????????????????????
????????????????????????????
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